Background Ankle fractures are common and can be associated with severe morbidity. Risk factors for shortterm adverse events and readmission after open reduction and internal fixation (ORIF) of ankle fractures have not been fully characterized. Questions/purposes The purpose of our study was to determine patient rates and risk factors for (1) any adverse event;
characteristics were tested for association with any adverse event, severe adverse events, infectious complications, and readmission using bivariate and multivariate logistic regression analyses. Results Of the 4412 patients identified, 5% had an adverse event. Any adverse event was associated with insulin-dependent diabetes mellitus (IDDM; odds ratio [OR], 2.05; 95% confidence interval [CI], 1.35-3.1; p = 0.001), age C 60 years (OR, 1.97; 95% CI, 1.22-3.2; p = 0.006), American Society of Anesthesiologists classification C 3 (OR, 1.69; 95% CI, 1.2-2.37; p = 0.002), bimalleolar fracture (OR, 1.6; 95% CI, 1.08-2.37; p = 0.020), hypertension (OR, 1.47; 95% CI, 1.04-2.09; p = 0.031), and dependent functional status (OR, 1.47; 95% CI, 1.02-2.14; p = 0.040) on multivariate analysis. Severe adverse events occurred in 3.56% and were associated with ASA classification C 3 (OR, 2.01; p = 0.001), pulmonary disease (OR, 1.9; p = 0.004), dependent functional status (OR, 1.8; p = 0.005), and hypertension (OR, 1.65; p = 0.021). Infectious complications occurred in 1.75% and were associated with IDDM (OR, 3.51; p \ 0.001), dependent functional status (OR, 2.4; p = 0.002), age C 60 years (OR, 2.28; p = 0.028), and bimalleolar fracture (OR, 2.19; p = 0.030). Readmission occurred in 3.17% and was associated with ASA classification C 3 (OR, 2.01; p = 0.017).
Conclusions IDDM was associated with an increased rate of adverse events after ankle fracture ORIF, whereas noninsulin-dependent diabetes mellitus was not. IDDM management deserves future study, particularly with respect to glycemic control, a potential confounder that could not be assessed with the ACS-NSQIP registry. Increased ASA class was associated with readmission, and future prospective investigations should evaluate the effectiveness of increasing the discharge threshold,
Introduction
Ankle fracture is the most common intraarticular fracture of a weightbearing joint, accounting for 9% of all fractures [16, 17, 27, 28] . Ankle fractures often are treated with open reduction and internal fixation (ORIF), and these procedures may be associated with risks, including infection, thromboembolic events, and poor wound healing [4, 5, 20, 24, 26, 27] . Recognition of potential risk factors for adverse outcomes after open reduction and internal fixation (ORIF) is essential for improving treatments and counseling patients.
Previous studies that have assessed risk factors for complications after ankle fracture ORIF have been limited by size, have only studied single risk factors, or have used potentially flawed, administratively coded data to capture adverse events [6, 15, 19, 20, 23, 24, 27, 30] . To further characterize these risks, further study of high-quality data collected from a large, nationwide sample was needed.
The American College of Surgeons National Quality Improvement Program (ACS-NSQIP 1 ) database is a highquality, prospectively collected database that captures surgical procedures from a national sample of hospitals [1] . The ACS-NSQIP has become widely used in the orthopaedic literature to analyze outcomes for many orthopaedic procedures, because the number of patients in the database confers greater power for analysis than single-surgeon or single-institution cohorts. By using a large, national patient sample for our study, generalizable conclusions could be drawn to better define postoperative expectations for surgeons and patients with operative ankle fracture.
The purpose of our study was to determine patient rates of and risk factors for (1) any adverse event; (2) severe adverse events; (3) infectious complications; and (4) readmission after ORIF of ankle fractures using the ACS-NSQIP database.
Patients and Methods
The ACS-NSQIP database was used to conduct a retrospective cohort study of patients who underwent ORIF of ankle fracture from 2005 to 2012. In the ACS-NSQIP, 150 patient variables are collected from more than 370 participating US hospitals [1] . Patients are prospectively identified, and information is obtained from operative reports, medical records, and patient interviews by trained clinical reviewers [1, 12] . Data are collected up to 30 days after surgery, including after discharge. Routine auditing of the database ensures high-quality data with interrater disagreement of approximately 2% for all assessed variables [1] . In addition, to participate in the ACS-NSQIP, institutions must maintain a 30-day followup rate (with no missing or incomplete data) of 80% or greater [1] . Furthermore, only patients with full 30-day followup are included in the final data set that was used for this study.
Initially, we selected patients by a postoperative diagnosis of ankle fracture (International Classification of Diseases, 9 th Revision [ICD-9] codes 824.0-824.9). From the identified group, only patients with primary Current Procedural Terminology (CPT) codes 27766 (ORIF of medial malleolus fracture), 27769 (ORIF of posterior malleolus fracture), 27792 (ORIF of lateral malleolus fracture), 27814 (ORIF of bimalleollar fracture), and 27822/27823 (ORIF of trimalleollar fracture) were included in our analysis. Patients with incomplete perioperative data were excluded from the study. Our inclusion/ exclusion criteria left 4412 patients remaining (of an initial 4785 identified by ICD-9 and CPT codes) for our analysis.
Patient demographics and comorbidities were collected from the ACS-NSQIP database (Appendix 1 [Supplemental materials are available with the online version of CORR 1 .]). History of diabetes is recorded as one of three groups in the database: insulin-dependent diabetes mellitus (IDDM), noninsulin-dependent diabetes mellitus (NID-DM), or no diabetes.
Adverse Events
The ACS-NSQIP tracks patients for individual adverse events that occur within the first 30 postoperative days (including while in the hospital and after discharge). All patients included in this study had full 30-day followup with no missing or incomplete data for each outcome studied. The occurrence of a serious adverse event was defined as the occurrence of any of the following: death, coma lasting more than 24 hours, on ventilator more than 48 hours, unplanned intubation, stroke/cerebrovascular accident, thromboembolic event (deep venous thrombosis or pulmonary embolism), cardiac arrest, myocardial infarction, acute renal failure, sepsis, septic shock, return to the operating room, wound dehiscence, deep surgical site infection (SSI), organ/space infection, graft/prosthesis/flap failure, or peripheral nerve injury.
A minor adverse event was defined as superficial SSI, urinary tract infection, pneumonia, or progressive renal insufficiency. Any adverse event was defined as the occurrence of any serious or minor adverse event.
Infectious complication was defined as an occurrence of any of the following: superficial SSI, deep SSI, organ/space infection, sepsis, or septic shock. Although included in the serious adverse event and minor adverse event categories, infectious complications were also grouped together for separate analyses, because this was thought to be of specific clinical interest.
Readmission
Beginning in 2011, the ACS-NSQIP began tracking readmissions after discharge for the first 30 postoperative days. Readmission was defined as a binary variable that was positive when a patient had an unplanned readmission one or more times after the initial postoperative discharge. Only patients who underwent ORIF for an ankle fracture in 2011 or 2012 were included in the readmission analysis (2521 patients, or 57% of the patient population).
Statistical Analysis
Patient and operative characteristics were tested for association with the occurrence of any adverse event, severe adverse event, infectious complication, and readmission using bivariate and multivariate logistic regression. Discharge destination and extended length of stay were included in the readmission analysis because this information was available at the time of initial discharge and would be useful to include in a model that predicts odds of readmission. Differences between study years were also assessed (Appendix 2 [Supplemental materials are available with the online version of CORR 1 .]).
Final multivariate models were constructed using a backward stepwise process that initially included all potential variables and sequentially excluded variables with the highest p values until only those with a p value \ 0.20 remained. Variables with a p value [ 0.05 but \ 0.20 were left in the model to control for potential confounding but were not considered to be significantly associated with the outcome. Statistical significance was set at p \ 0.05. Only factors that were significant in multivariate analyses are reported, and findings from exploratory bivariate analyses are not presented in the Results.
Study Population
A summary of patient characteristics is shown (Table 1) . For the 4412 patients with ankle fractures who met study inclusion criteria, average patient age was 51 ± 18 years (mean ± SD) and average body mass index was 30 ± 8 kg/m 2 . Men comprised 40% of the cohort. A total of 235 patients (5%) had medial malleolus fracture; 1143 patients (26%) had lateral malleolus fracture; 1705 patients (39%) had bimalleollar fracture; and 1329 (30%) had trimalleollar fracture.
Results
Events meeting the definition of any adverse event were identified in 225 patients (5%; Table 2 ). After controlling for likely confounders, IDDM (odds ratio [OR], 2.05; 95% confidence interval [CI], 1.35-3.1; p = 0.001); age C 60 years (OR, 1.97; 95% CI, 1.22-3.2; p = 0.006); American Society of Anesthesiologists (ASA) classification C 3 (OR, 1.69; 95% CI, 1.2-2.37; p = 0.002); bimalleolar fracture (OR, 1.6; 95% CI, 1.08-2.37; p = 0.020); hypertension (OR, 1.47; 95% CI, 1.04-2.09; p = 0.031); and dependent functional status (OR, 1.47; 95% CI, 1.02-2.14; p = 0.040) were associated with the occurrence of any adverse event (Table 3) . Severe adverse events were noted for 157 patients (3.56%). After controlling for likely confounders (Table 3) , ASA classification C 3 (OR, 2.01; 95% CI, 1.34-3.03; p = 0.001); pulmonary disease (OR, 1.9; 95% CI, 1.23-2.94; p = 0.004); dependent functional status (OR, 1.8; 95% CI, 1.19-2.72; p = 0.005), and hypertension (OR, 1.65; 95% CI, 1.08-2.51; p = 0.021) were significantly associated with severe adverse events. Because IDDM and other factors were associated with any adverse event, but not severe adverse events, a post hoc secondary analysis was conducted to identify associations between patient factors and minor adverse events. After controlling for potential confounders, IDDM (OR, 3.96; p \ 0.001), age C 60 years (OR, 3.09; p = 0.001), and bimalleolar fracture (OR, 2.13; p = 0.021) were found to be associated with minor adverse events.
Infectious complications were noted for 77 patients (1.75%). Infectious complications occurred, on average, 18 ± 8 days after ORIF of an ankle fracture. After controlling for likely confounders (Table 3) , IDDM (OR, 3.51; 95% CI, 1.85-6.64; p \ 0.001); dependent functional status (OR, 2.4; 95% CI, 1.38-4.19; p = 0.002); age C 60 years (OR, 2.28; 95% CI, 1.1-4.76; p = 0.028); and bimalleolar fracture (OR, 2.19; 95% CI, 1.08-4.44; p = 0.030) were independently associated with the occurrence of an infectious complication.
A total of 80 patients (3.17%) were readmitted within the first 30 postoperative days. Readmission occurred, on average, 12 ± 8 days after ORIF of an ankle fracture. After controlling for likely confounders (Table 3) , only ASA classification C 3 (OR, 2.01; 95% CI, 1.13-3.57; p = 0.017) was independently associated with readmission. 
Discussion
ORIF of an ankle fracture is a common procedure that can be associated with significant postoperative complications [4, 5, 20, 24, 26, 27] . Characterizing risk factors for preoperative patient counseling and perioperative medical care is important for improving treatment outcomes for these patients. Using the ACS-NSQIP database, information from 4412 patients who had undergone ORIF was evaluated to identify preoperative risk factors for any adverse event, severe adverse events, infectious complication, and readmission in the 30 days after ankle fracture ORIF. Any adverse event was associated with IDDM, increased age, increased ASA classification, bimalleolar fracture, hypertension, and dependent functional status, whereas severe adverse events were associated with increased ASA classification, pulmonary disease, dependent functional status, and hypertension. Infectious complications were associated with IDDM, dependent functional status, increased age, and bimalleolar fracture. Readmission was associated with increased ASA classification.
Our study has several limitations as a result of the nature of the data source. First, the ACS-NSQIP only records the occurrence of adverse events and readmissions up to 30 days postoperatively, including after discharge. Although the occurrence of adverse events after the 30-day window may be missed, the database provides large improvement over much of the existing information in the literature, which has relied on administratively coded databases that only capture adverse events that occurred while an inpatient or were associated with a readmission. Second, fracture classification beyond medial malleolar, lateral malleolar, bimalleolar, and trimalleolar was unavailable, which prevented further subgroup analyses. Third, although many ankle fractures are treated with casting and closed methods, our study captured patients only treated operatively. The results of our study thus may only apply to ankle fractures treated with ORIF. Fourth, information beyond IDDM or NIDDM status was not available for the diabetic patients in this study such as glycemic control and/ or the presence of end-organ damage. Because glycemic control may vary between patients with IDDM or NIDDM [13, 31] , this represents a potential confounder that could not be controlled for in the present study. Fifth, for this study, adverse events were grouped into the aggregate outcomes ''any adverse event,'' ''severe adverse events,'' and ''infectious complications.'' Although these groupings were based on previous literature using the ACS-NSQIP [2] , it is nonetheless difficult to combine adverse events so that study outcomes are clinically meaningful. Although imperfect, these groupings are our best attempt at stratifying the short-term outcomes after ankle fracture ORIF to differentiate between severe complications with likely long-term sequelae and minor complications. For infectious complications, we believed that host factors would leave a patient susceptible to SSIs as well as systemic infections.
For the occurrence of any adverse event, the strongest and most clinically important risk factor was IDDM, which doubled the risk of such an event. Diabetes has been associated with complications after ankle fractures previously [6, 7, 10, 20, 27] . Although these studies have described increased rates of complications with diabetes, no large study has differentiated IDDM and NIDDM. Results from our study indicate that the risks for adverse events in patients with ankle fracture who have IDDM are distinct from those with NIDDM. Furthermore, our results highlight that using binary definitions of ''diabetes'' or ''nondiabetes'' may be less specific than necessary for analyzing outcomes. Despite the present study differentiating between IDDM and NID-DM, additional information such as glycemic control and end-organ damage was not available in the database to be studied. Future investigations on the outcomes of ankle fracture surgery would benefit from controlling for these variables in their analyses. Moreover, clinical databases such as the ACS-NSQIP would benefit from collecting such information to enable these future studies. In addition to patients with IDDM, elderly patients, those with increased overall comorbidities, hypertension, or dependent functional status also had increased risk of any adverse event in our study. Increased age and medical comorbidity have also been previously linked to complications after ankle fracture in the literature [27] .
Serious adverse events were most strongly associated with ASA classifications C 3. Increased ASA classification has been previously described as a risk factor for postoperative complications after other orthopaedic procedures [3] and is likely not specific to ankle fractures. However, beyond this general risk factor, we also identified risk factors that are likely more specific to the ankle fracture population such as IDDM that have not been identified for other orthopaedic procedures [8] . Dependent functional status also contributed to the risk of severe adverse events in patients with ankle fracture, which we speculate may be related to difficulty with postoperative mobilization, a previously identified risk factor for thromboembolic events after ankle fracture [9, 11, 18, 21] . The risks associated with each of these patient and operative factors now can be more specifically discussed with patients preoperatively. Interestingly, a secondary analysis found that IDDM, age C 60 years, and bimalleolar fracture were associated with minor adverse events, but not severe complications. These results suggest that ORIF of ankle fracture in these patients is not particularly risky; however, they may require increased healthcare use postoperatively as a result of their increased risk of minor complications.
Postoperative infections were most associated with IDDM. Diabetes has been previously linked to infection after operative fixation of ankle fractures [14] ; however, results of our study indicate that patients treated with oral antiglycemic regimens may not be at much greater risk compared with patients without diabetes. This is an important distinction that to our knowledge has not been described before. Noninsulin-dependent diabetics can be advised that they are at no increased risk of complications after ankle fracture ORIF, and they should not require additional preoperative workup or postoperative care. These results support future research into the perioperative management of diabetic patients. Future studies would benefit from differentiating insulin-dependent patients from noninsulin-dependent diabetic patients as well as capturing further diabetes-specific information such as Type 1 versus Type 2, glycemic control, insulin regimen, and the presence of end-organ damage. As suggested, it would be beneficial for databases such as the ACS-NSQIP to begin recording these additional disease-specific variables to enable more detailed investigations in the future.
The only factor independently associated with readmission in the 30 days after ankle fracture ORIF was ASA classification C 3. With increased attention being paid to 30day readmission after orthopaedic surgery [29] , it is now especially important to identify which patients are most likely to be readmitted. Readmission has not previously been assessed as an isolated outcome after ankle fracture, so there is little basis for comparison of our result; however, because increased comorbidity has been associated with complications after ankle fracture, both in our study and another [27] , the relationship likely holds true for both pre-and posthospital discharge and may help explain the association of higher ASA classification and readmission. Increased ASA classification has also been associated with readmission after general orthopaedic trauma [25] . Patients with increased ASA class are therefore important targets for reducing readmission rates, and future study is needed to determine how to best accommodate this at-risk population. The threshold for discharge may need to be increased or perhaps discharge to extended-care facilities or home nursing evaluations may be necessary. The next step for evaluating the effectiveness of each of these options is to conduct prospective cohort studies in patients with ASA classification 3 or greater. These studies would be able to directly compare the relative risks of readmission for each of these potentially modifiable factors in patients with significant comorbidity.
Although multiple factors were found to be associated with short-term adverse events and readmission, several factors such as smoking and obesity were not associated with increased postoperative risks. This is notable, because smoking and obesity have been previously found to be associated with adverse events after other types of orthopaedic surgery [2, 3] . We speculate that these factors may lead to poorer long-term outcomes after ankle fracture ORIF but may not necessarily lead to complications in the immediate postoperative period. For example, one of the main concerns with smoking is the decreased rate of bone healing; however, this would not be fully evident within the first 30 postoperative days and is not captured by the ACS-NSQIP [23] . Similarly, although obesity may not increase immediate postoperative risk, obesity may complicate long-term rehabilitation after the procedure.
In summary, our study characterized the incidence of, and risk factors for, the occurrence of any adverse event, severe adverse events, infectious complications, and readmission after ankle fracture ORIF. Among the factors identified, IDDM was associated with both adverse events and infectious complications. Optimizing the perioperative care of diabetic patients is an important avenue for further research, and future studies should attempt to control for additional diabetic-specific parameters such as glycemic control and/or end-organ damage. Furthermore, it would be beneficial for large clinical databases such as the ACS-NSQIP to collect such information on diabetic patients to facilitate these further studies. We additionally identified other patient comorbidities associated with complications and readmissions, which are useful for defining the specific risks associated with surgical treatment of ankle fractures. Furthermore, because 30-day readmission is now being specifically targeted by healthcare administrators and policymakers as a quality measure, the association of readmission with ASA class suggests that these patients deserve particular attention. Future study is warranted to determine the most effective methods of managing these patients in the postoperative period to reduce the burden of readmission on the patient and healthcare system.
